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behavior management knowledge. The simulation group performed significantly better in both parts of the examination (objective 
section: p=.028; open-ended section: p=.012). The simulation was evaluated by students and perceived by most to be an effective 
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T
he predoctoral pediatric dentistry curriculum 
is typically taught in three main formats: 
didactic instruction, traditionally imparted 
via lectures and textbooks; hands-on simulation in 
a preclinical setting; and finally, when competence 
has been shown in the previous two formats, patient 
contact in a clinical setting. Students routinely simu-
late procedures and practice skills before actually 
performing them on patients. One essential pediatric-
based skill set that is not routinely simulated is child 
behavior management. Students hear about child 
behavior management techniques in lectures, read 
about them in textbooks, and perhaps see examples 
in videos—and are then expected to achieve com-
petence in the use of these skills in a clinical setting 
without prior “practice” via simulation.
There are a number of ways to simulate clini-
cal experiences in medicine and dentistry, including 
physical simulators (such as manikin-based training), 
simulated patients (standardized patient interactions), 
interactive computer simulations, or any combina-
tion of these three. The goal of simulations remains 
the same: to practice in a simulated setting before 
practicing on persons in an actual clinical setting.1 
Physical simulations cannot easily simulate a child’s 
behavior. Children as young as age seven have acted 
as simulated patients,2 though teaching a child to 
“react” to a physician’s history and physical examina-
tion is quite different from teaching a child to both 
misbehave during operative/surgical dentistry and 
appropriately react to the dental student’s behavior 
management techniques. Other complicating issues 
with standardized child patients include the “sub-
stantially greater cost than traditional teaching”3 
associated with this technique as well as the fact 
that most behavior management skills are primarily 
necessary for pre-school-aged patients, an age group 
that has not yet been utilized as standardized patients 
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primarily because they would obviously be difficult 
to train. For these reasons, it may not be feasible to 
use simulated patients to provide educational op-
portunities for dental students to practice pediatric 
behavior management.  
An alternative is to simulate a child patient 
utilizing computer technology. Computer-based 
instruction (CBI) has been used in health education 
since the 1960s and has grown considerably in recent 
years as information technology has become more 
sophisticated.4 Interactive patient simulations in the 
field of dentistry can act as a bridge between the 
preclinic and clinic, from basic science to applied 
science, and from theoretical to real patients. Students 
can practice their hands-on skills using simulation-
based training before their actual first encounter with 
live patients in a clinical setting.5 Other advantages 
include improvements in the quality and efficiency of 
dental education by making instruction more direct, 
better visualized, and more comprehensible,6 enabling 
opportunities to develop and practice critical thinking 
skills,7 and helping students in the transition from ac-
quiring concepts to complex “doctor thinking.”8 Tools 
have recently been created to help academic dentists 
create computer-based patient simulations.9
For our study, a CBI tool was developed to 
simulate clinical experience in the dental treatment 
of a child. The goal of this tool, called “The Virtual 
Child,” was to increase students’ didactic knowledge 
of key concepts in pediatric behavior management 
through simulation. The purpose of this study was to 
examine the effectiveness of the addition of this web-
based CBI tool to a traditional lecture experience as 
compared to the traditional lecture experience alone 
and to evaluate student perceptions of this tool. 
Methods and Materials
After being granted an exemption from the 
Institutional Review Board, two consecutive classes 
of predoctoral dental students at the University of 
Michigan were included in this study. The classes 
were separately enrolled in two consecutive years 
in a didactic pediatric dentistry course delivered to 
dental students at the commencement of their junior 
year. This advanced, lecture-based course is taken as 
students begin their pediatric dental clinical rotations. 
This course included two fifty-minute lectures on the 
concepts and techniques of child behavior manage-
ment. Both lectures were delivered in each of the 
two years of the study by the same faculty member 
using the same lecture notes. This pediatric dentistry 
faculty member had given these lectures for more 
than twenty years.
The first class of junior dental students served 
as the control group for this study. A total of 109 
students were enrolled in this course during the 2003 
iteration. They received the two fifty-minute lectures 
on behavior management and completed a two-part 
examination six weeks after the initial lecture.
The junior dental class taking the course the 
following year served as the experimental (simula-
tion) group. A total of ninety-eight students were 
enrolled in this course during the 2004 iteration. This 
class received the two fifty-minute lectures on child 
behavior management. In addition, each student 
was required to visit the web-based instructional 
tool “The Virtual Child.” Visiting the website was 
listed as a course requirement, though no attempts 
were made to verify student compliance. Six weeks 
following the initial lecture, each student completed 
the same two-part examination that was used the 
previous year.
Since the timing of the examination in the cur-
riculum was similar in the two groups, each group 
was expected to have had equivalent amounts of 
clinical pediatric dentistry experience. As sophomore 
predoctoral students, each student would have had, 
in groups of two or three students, limited clinical 
encounters with well-behaved children for new 
patient or recall examinations. At the time of the 
examination used in this study, approximately 60 
percent of each class of junior students had already 
completed their first junior pediatric clinical rotation, 
an eight half-day experience involving two half-days 
of physical simulations and small group seminars, 
and six half-days of patient care including more 
complex pediatric treatment such as restorations and 
extractions. The remaining 40 percent of each group 
at the time of the examination had not yet completed 
this clinical rotation.
The two-part examination developed for this 
study was designed to test knowledge regarding 
behavior management in pediatric dentistry and con-
sisted of eighteen objective questions and one short 
answer essay question. The examination was reviewed 
by four pediatric dentists on faculty at the University 
of Michigan for appropriateness of content. The ob-
jective section of the examination included fourteen 
true-false questions, three fill-in-the-blank questions, 
and one multiple-choice question. The short answer 
essay portion of the examination was based on a clini-
cal situation. It asked: “A four-year-old child refuses 
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to open his mouth for an examination and prophylaxis. 
List as many options as you can think of to gain the 
child’s cooperation.” A list of thirteen possible ac-
ceptable responses was developed and used to score 
the students’ responses to the open-ended question. 
Each class was allowed fifteen minutes to complete 
the anonymous examination.
The eighteen items of the objective section 
were scored individually and totaled. The open-ended 
question was scored individually based on the number 
of appropriate responses listed by the student. All 
results were entered into Microsoft Excel®, exported 
to and analyzed with SPSS® version 11.5.2.1. Sta-
tistical significance was set at p=0.05. 
The CBI tool designed for this study, called 
“The Virtual Child,” was developed by the principal 
investigator (JRB) using Sitemaker®, a proprietary 
website creation program. Students used their valid 
university login and password to access the website. 
Students could access the site as many times as they 
saw fit from any Internet-accessible computer. 
The content of the website was based upon a 
fictitious seven-year-old child who was coming to the 
children’s dentistry clinic for operative dental needs. 
The dental students interacted with this virtual child 
patient in the following manner: a text-based descrip-
tion of a situation prompted the student to select an 
action from a list of options. Based on the option 
selected, the virtual child patient “reacted,” and the 
student was forwarded to a new webpage with a text-
based description of the consequence of the student’s 
choice. Pertinent pediatric dentistry information was 
brought to the students’ attention as appropriate dur-
ing this virtual appointment. Though consequences 
of poor choices were shown, the simulation was 
designed to not allow the student to proceed to the 
next step in the virtual appointment until the correct 
option was chosen. Two hundred individual webpages 
constituted the website. It included the following 
thirteen chapters: patient introduction; sitting in 
the chair; setting of rules; “are you going to pull a 
tooth?”; topical anesthetic; local anesthesia introduc-
tion; “will it hurt?”; the local anesthesia process; rub-
ber dam isolation; tooth preparation; Jimmy’s hands 
move up; extraction; and post-operative discussion. 
Four of the 200 individual pages that made up the 
simulation tool are shown in Figure 1. 
For evaluation of “The Virtual Child” CBI 
tool, a fourteen-item Likert scale questionnaire was 
included with the test packet given to the experi-
mental group of students in year two of the study. 
Students responded to each of the statements using 
the following scale: 1=strongly disagree, 2=disagree, 
3=neutral, 4=agree, 5=strongly agree.
Results
One hundred and seven students in the control 
group completed the examination. Two students did 
not complete the examination due to their absence 
from the class on the date of the examination. All 
ninety-eight students in the simulation (experimen-
tal) group completed the examination. Each student 
in both the groups was also asked if the student had 
begun or completed his or her first junior pediatric 
dentistry clinical rotation. Of the 107 students in the 
control group, sixty-four (59.8 percent) had already 
completed their first pediatric clinical rotation. The 
remaining forty-three students (40.1 percent) had not. 
Of the ninety-eight students in the simulation group, 
sixty (61.2 percent) had already completed their first 
pediatric clinical rotation, while the remaining thirty-
eight (38.8 percent) had not. 
The mean total score for the control group 
on the objective section of the exam was 13.45 
(SD=2.26). The mean objective section total score 
for the simulation group was 14.08 (SD=1.83). A 
t-test for equality of means showed a statistically 
significant difference between the groups (p=.028). 
The number of correct responses to the open-ended 
question asked on the examination was analyzed. The 
mean number of correct responses for the control 
group was 3.02 (SD=1.01). The mean number of 
correct responses to the open-ended question for the 
simulation group was 3.39 (SD=1.07). A t-test for 
equality of means showed a statistically significant 
difference between the two groups (p=.012). The 
information is summarized in Table 1. 
To assess the potential effect of junior pedia-
tric dental clinic rotation experience on examination 
results, data were analyzed to determine differences 
between the control group with clinic experience 
and the simulation group without clinic experience. 
Sixty-four of 107 students in the control group had 
completed their first clinical rotation in the pedia-
tric dentistry clinic at the time the examination was 
administered. The mean total score of this subgroup 
within the control group on the objective section of 
the examination was 14.00 (SD=1.95), and these 
students had a mean of 3.09 (SD=.94) on the open-
ended section. Among the simulation group, thirty-
eight of ninety-eight students had not yet had their 
junior clinical rotation in the pediatric dentistry 
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BEGIN HERE:
You are now ready to escort Jimmy back to
the operatory and begin. What do you say?
IMPORTANT PEDIATRIC DENTISTRY
INFORMATION:
Though most children will gladly say "yes!" to this
type of question, the dentist should not make
obligatory actions (such as going back to the chair)
optional. Asking a question such as "are you
ready?" gives a child an opportunity to say "NO."
Put yourself in the shoes of a child: would you ever
be ready to go back and lie down in a stranger's
chair for an hour while she does all this strange
stuff in your mouth? Instead, give simple, firm,
polite commands to children.
Say: "Okay, Jimmy! Are you
ready to go back?"
Say: "Follow me, and we'll get
started!"
Chapter 2: Sitting in the
Chair
You, Jimmy, and Mrs. Jones are all back in
the operatory. Your assistant has given
mom a chair to sit on. Jimmy is now
walking towards the chair and hesitates
very slightly.
You say:
Jimmy flatly responds "no" as he crosses his
arms and sits firmly on the floor.
You try and coax him to get up, but he keeps
repeating, "I'M NOT READY YET!"
You try for 15 minutes to get Jimmy to stand
up, but he will not, saying, "I'm still not ready!"
The appointment must be rescheduled.
Continue
Try again
“Hop in your chair,
okay?”
“This is your chair,
Jimmy. Hop on up and
sit in it!"
Note: Each box in the figure represents a separate  
webpage. Underlined portions represent hyperlinks  
with arrows indicating which page is linked.
Figure 1. Schematic representation of “The Virtual Child” website with snapshot of four webpages
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clinic. The students in the simulation group without 
clinical experience had a total mean score of 13.71 
(SD=1.92) on the objective section and a mean score 
of 3.13 (SD=.99) on the open-ended section. A t-test 
for independent means was completed, and p-values 
for both total score and number of correct responses 
to the open-ended question indicated that differences 
were not statistically significant. A summary of this 
information is found in Table 2. 
Ninety-seven students completed the subjec-
tive evaluation of “The Virtual Child” CBI tool (one 
evaluation was blank and was not included in the 
analysis). A summary of the means and standard 
deviations is found in Table 3. 
Discussion
The objective of this study was to examine the 
effectiveness of an Internet-based pediatric behavior 
management tool in enhancing predoctoral dental 
students’ didactic knowledge of key concepts in be-
havior management of children. This study found that 
dental students who had been exposed to the simula-
tion performed significantly better on an examination 
regarding knowledge of pediatric behavior manage-
ment than did the control group (Table 1). Whether 
simply due to the additional exposure of course 
material via the simulation or due to the interactive 
nature of the material presented, addition of this CBI 
Table 1. Examination scores: control group vs. simulation group 
Examination                 Control (n=107)                 Simulation (n=98) 
 Mean SD Mean  SD T df p-value
Objective section score 13.45 2.26 14.08 1.83 2.22 200.01 .028
Open-ended section score  3.02 1.01 3.39 1.07 2.53 198.68 .012
Table 2. Examination scores: control group with clinic experience vs. simulation group without clinic experience
Examination                 Control (n=64)                 Simulation (n=38) 
 Mean SD Mean  SD T df p-value
Objective section score 14.00 1.95 13.71 1.92 .73 100 .468
Open-ended section score 3.09 .94 3.13 .99 -.19 74.46 .850
Table 3. Dental students’ (n=97) evaluation of “The Virtual Child” computer-based instruction tool on a scale of 1 
(strongly disagree) to 5 (strongly agree)
 Mean Std. Dev.
The Virtual Child website (TVC) improved my knowledge of behavior management. 3.90 .420
TVC improved my confidence in treating children. 3.47 .663
TVC was a more effective way of learning than lectures on behavior management. 3.69 .727
I would prefer to learn behavior management only from TVC. 2.70 .915
I would prefer to learn behavior management from TVC and lecture together. 3.96 .720
I would prefer to learn behavior management from lecture alone. 2.57 .776
I would like to experience more computer-based simulations in future courses. 3.67 .625
I feel more confident giving local anesthesia to a child after completing TVC. 3.04 .923
TVC was redundant, mindless busywork. 2.54 .817
I will visit TVC before my next pediatric dentistry rotation. 3.20 .943
I would rather visit TVC than lecture notes to review this topic. 3.38 .871
I am comfortable using computers in my dental education. 4.23 .604
I am better prepared to treat children after having visited TVC. 3.61 .622
I made mistakes on TVC that I now know to avoid when treating a real child. 3.75 .646
1192 Journal of Dental Education ■ Volume 71, Number 9
tool to a traditional lecture curriculum increased ex-
amination scores when compared to a control group 
that had only received lectures. The supplementa-
tion of lecture (as opposed to its replacement) with 
computer-based simulations has been shown in other 
studies to increase examination scores.10,11
It was interesting to note the response of the 
control and simulation groups to an open-ended 
question regarding behavior management for an 
uncooperative four-year-old child who presents for 
an examination and prophylaxis. This section was 
graded based on the number of valid management 
options provided by the students in response to the 
clinical situation. The ability of the simulation group 
to provide significantly more correct responses (3.39 
vs. 3.02) is a promising finding. The simulation 
group may have had better retention of the behavior 
management techniques based on their additional ex-
posure, or perhaps the simulation of these techniques 
with “The Virtual Child” gave these students a type 
of experience that promoted retention in memory. 
There were no significant differences in perfor-
mance on the objective examination and the open-
ended question in the simulation group without pe-
diatric clinical experience and the control group with 
pediatric clinical experience (Table 2). Our review of 
the literature was not able to identify any previous 
studies that compared students’ examination perfor-
mance based on whether they had received clinical 
training versus completion of web-based modules 
without clinic experience. This is noteworthy: the 
data demonstrate no significant differences in ex-
amination scores between those using a CBI tool and 
those completing an advanced six half-day clinical 
rotation. A possible explanation for this finding may 
be that students in both groups have had some type 
of pediatric experience—the control group had real-
life experience whereas the CBI group had virtual 
experience. Students who complete simulations have 
been shown to improve their clinical decision-making 
skills.12 It is plausible that students who complete this 
CBI tool prior to their clinical experience in pediatric 
dentistry may demonstrate better clinical judgment 
in the arena of child behavior management. This in 
turn may lead to better clinical experiences for the 
dental student, as well as the child patient the student 
is treating. Potential validity of this finding is, how-
ever, limited due to the fact all students had had some 
pediatric clinical experience as sophomores (albeit in 
groups) and the questionable clinical significance of 
a short pediatric dental clinic rotation (six half-days 
of patient contact).  
The results of the students’ evaluation of “The 
Virtual Child” CBI tool revealed that computer 
simulation was perceived to be a generally positive 
learning activity. The simulation increased students’ 
confidence in treating children, and students felt 
that it was an effective learning tool. The positive 
responses to the statement “I made mistakes on 
TVC that I now know to avoid when treating a real 
child” are of special importance (Table 3). Besides 
the educational value imparted to the dental student, 
an advantage may also be bestowed on the children 
who receive treatment from the dental student. CBI 
can create an environment of safe experimenta-
tion13—mistakes made on a computer program that 
are avoided with a real patient can lead to a better 
experience for the child patient. 
A portion of the “The Virtual Child” evalua-
tion dealt with students’ preferred modality to learn 
behavior management: 
•฀ “I would prefer to learn behavior management only 
from TVC.” 
•฀ “I would prefer to learn behavior management 
from TVC and lecture together.”
•฀ “I would prefer to learn behavior management 
from lecture alone.”  
Students overwhelmingly wanted to learn this 
information from both lecture and computer (Table 
3). Others have found CBI to be a good additional 
class resource14 and even suggested CBI’s most 
important purpose should be effective supplemen-
tation and reinforcement of material rather than its 
replacement.11 Some even hypothesize that students 
in the Internet age may resent being handed off to 
impersonal computer terminals.15 
This study had several limitations. The ex-
amination itself was developed prior to the devel-
opment of “The Virtual Child” website. Both the 
examination and the website were developed solely 
by the primary investigator (JRB). It is possible 
that the content of the examination was given more 
emphasis in the CBI tool in an unconscious effort to 
show examination improvement by the simulation 
group. Intact instructional groups were used; thus, 
the control and simulation groups were not random-
ized. The author was not blinded to the identity of 
each group during the grading of the examinations. 
No pre-test evaluations were done with either group 
to assess baseline knowledge. Examinations were 
completed anonymously by students, which may 
raise questions of their drive to do well on the ex-
amination. Due to the design of the study, the control 
group and the simulation group were not exposed to 
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completely identical didactic lectures. Though both 
sets of lectures were undoubtedly similar, variations 
may have existed in their content and presentation. 
Additionally, the lecturer was aware that a research 
study was being conducted, which may have biased 
his presentation. 
The examination content was verified by four 
pediatric dentists; however, it was not tested for reli-
ability and validity. A recent review of the evaluation 
of educational software stated that, as a general rule 
for all demonstration studies (such as this study), 
reliability and validity of the measurement process 
should be reported.16  
The clearest limitation is that results of the 
examination may not correlate with clinical com-
petence. A statistically significant difference in 
examination scores between the two study groups 
may not be meaningfully significant, either clini-
cally or otherwise. The experimental group’s mean 
score of 14.08 was only 4.68 percent higher than the 
control group’s mean score of 13.45. Hence, the real 
significance of the experimental intervention remains 
unknown. Others have also questioned if increased 
test scores translate into clinical significance.15  
Future studies may look to improve the design 
of the simulation with more media or export the 
template of the design to other clinical areas. Stud-
ies that attempt to compare real clinical performance 
with simulation experience and better quantify re-
lationships between virtual and real experience are 
necessary as well.
Conclusions
The findings from this study suggest that 
an Internet-based pediatric behavior management 
simulation, when used as a supplement to a tradi-
tional lecture curriculum, may improve dental student 
knowledge when compared to lecture alone. 
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